The aim of this study was to investigate the associations between loss of a life partner and the development of dementia and decline in cognitive function in later life. We used an Icelandic cohort of 4,370 participants in the Age, Gene/Environment Susceptibility-Reykjavik Study who were living as married in 1978 (born in 1907-1935) and were either still married (unexposed cohort) or widowed (exposed cohort) at follow-up (in 2002-2006). We ascertained history of marital status and spouse's death by record linkage to the Registry of the Total Population, Statistics Iceland. The outcome measures were as follows: 1) dementia and mild cognitive impairment; and 2) memory, speed of processing, and executive function. During the observation period, 3,007 individuals remained married and 1,363 lost a spouse through death. We did not find any significant associations between loss of a spouse and our outcome variables, except that widowed women had poorer executive function (mean = −0.08) during the first 2 years after their husbands' deaths compared with still-married women (mean = 0.09). Our findings do not support the notion that the risk of dementia is increased following the loss of a spouse, yet women demonstrate a seemingly temporary decline in executive function following the death of a partner.
Neurodegenerative disorders leading to cognitive impairment have become one of the largest public health threats of modern times. Although risk factors remain to a large extent unknown, a growing body of research, both in animal models (1) (2) (3) and in humans (4) (5) (6) (7) (8) (9) (10) (11) , suggests an impact of psychological stress on cognitive impairment. Studies incorporating various measures of psychological distress (4) (5) (6) and psychiatric disorders (7) (8) (9) (10) (11) have reported an association with cognitive decline in older adulthood.
Loss of a spouse has been classified as one of the most stressful events a person can encounter (12) . Indeed, widowed individuals have been shown to be at increased risk for psychological morbidity (13) and higher overall mortality (14) compared with married individuals. Animal models suggest that the introduction of a stressful environment impairs an animal's problem-solving skills (15) (16) (17) and reduces the volumes of important memory structures, such as the hippocampus (18, 19) . Proposed mechanisms between stressful life events, such as bereavement, and cognitive decline in humans have accordingly been suggested to include hippocampal atrophy from stress-induced glucocorticoid secretion (20, 21) fueled by emotional trauma, as well as increased vulnerability to stress from diminished social support and interactions (22, 23) .Yet relatively few studies have specifically investigated the association between marital status change and cognitive decline. Some have found increased risk of cognitive decline in widowhood (24) (25) (26) (27) , whereas others have not (28) (29) (30) . In a recent population-based cohort study, Håkansson et al. (31) monitored changes in marital status and cognitive function in 1,449 Finns followed for an average of 21 years. They reported a markedly increased risk of cognitive impairment and Alzheimer's disease among those widowed in midlife and at follow-up compared with those who lived with a partner during the time period. With the detailed information on dementia and cognitive function from the Age, Gene/Environment Susceptibility (AGES)-Reykjavik Study and complete ascertainment of marital status since 1978, we wanted to replicate the study by Håkansson et al. (31) in another setting. In contrast to previous attempts, the available registry information on the actual timing of spousal loss allowed us to explore the relationship between timing from the stressful life event and the risk of cognitive impairment. Our overarching aim was, therefore, to investigate the associations between loss of a life partner and the risk of dementia and decline in cognitive function.
METHODS

Study population
The basis of this study was the AGES-Reykjavik Study cohort. Details on the study design and the baseline AGESReykjavik assessments have been described elsewhere (32) . Participants were born in 1907-1935, lived in Reykjavik in 1967, and were followed as a part of the Reykjavik Study from 1967 onward by the Icelandic Heart Association (33, 34) . In 2002, a random sample of the surviving participants of the Reykjavik Study was invited to participate in the AGES-Reykjavik Study. A total of 5,764 participants completed the AGES-Reykjavik examination (in 2002-2006) , which included a structured survey instrument, cognitive testing, and dementia ascertainment.
Every Icelandic citizen has a unique personal identification number, making it possible to link records between different sources of health registration and official records. The AGESReykjavik Study was linked to the database on marital status from Statistics Iceland (updated annually since 1978). Links were also made to the Icelandic Cause of Death Registry to gather information on dates of spousal deaths. Changes in marital status, including dates of spouses' deaths, were then ascertained from 1978 until entry into the AGES-Reykjavik Study (in 2002-2006) . In the present study, we included only the AGES-Reykjavik Study participants who were living as married or as cohabitants in 1978 (n = 4,722) ( Figure 1 ). Because variables measured at midlife (i.e., 50 years of age) by the Reykjavik Study were to be adjusted for in the statistical analyses, individuals who had lost a spouse after 1978 but before they came for their first Reykjavik Study visit when midlife measurements were performed were further excluded (n = 24), leaving 4,698 in the final analysis. The exposed group was defined as those who were living as married or as cohabitants in 1978 and who became widowed before entry into the AGES-Reykjavik Study. The reference group consisted of individuals who stayed married during the whole observation period (Figure 1 ).
Dementia and mild cognitive impairment
Dementia case ascertainment was a 3-step process in the AGES-Reykjavik Study (32) . Depending on performance in the first 2 steps, a subset of individuals went on to a third step. This step included a neurological examination, further neuropsychological testing, and a proxy interview about medical history and social, cognitive, and daily functioning relevant to the diagnosis. A consensus diagnosis of dementia based on the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, guidelines (35) was made by a panel that included a geriatrician, a neurologist, a neuropsychologist, and a neuroradiologist. The diagnosis of mild cognitive impairment was also made by the panel of specialists. The criterion was having deficit either in memory or in 1 other cognitive domain, or having deterioration in at least 2 cognitive domains without sufficiently severe cognitive function impairment or loss of instrumental activities of daily living to constitute dementia (36, 37) .
Cognitive function
A battery of cognitive tests administered to the whole AGES-Reykjavik cohort included multiple tests of 3 cognitive domains. Composite scores of memory, speed of processing, and executive function were constructed on the basis of a theoretical grouping of tests, similar to those used in other population-based studies (38, 39) . The details on the tests of each cognitive domain have been reported elsewhere (40, 41) . Composite measures were computed by converting raw scores on each test to standardized z scores and averaging the z scores across the tests in each composite. The fit of the composites to the data has been reported elsewhere (41) .
Covariates
The covariates included in the models were chosen according to their previously reported associations with cognitive function and dementia (42) . These included the following: age, sex, apolipoprotein E (ApoE) E4 status, education, smoking, midlife hypertension, midlife physical activity, and midlife body mass index (weight (kg)/height (m) 2 ).
Statistical analysis
There are 5 outcome variables in this study, separated into 2 main groups. The first group includes dementia and mild cognitive impairment. The second group includes the following 3 outcomes of cognitive function: memory, speed of processing, and executive function.
We used multivariable logistic regression to estimate the relationship between spousal loss and dementia/mild cognitive impairment. We adjusted our models for age (continuous), sex, education (elementary school, secondary school, college education (upper secondary schooling), or university education), ApoE E4 status (any E4 vs. no E4 with E24 excluded), midlife hypertension (measured systolic blood pressure of 140 mm Hg or higher or diastolic blood pressure of 90 mm Hg or higher), smoking status (ever smoker vs. never smoker), midlife regular physical activity (yes or no), and midlife body mass index (as a continuous variable). We also examined the associations by sex and ApoE E4 status (any E4 vs. no E4), adjusting for other factors mentioned previously. In an additional analysis, we examined the associations by levels of leisure activity at follow-up (a summary score of leisurely active days per month in tertiles (41)).
We used linear regression to examine differences in cognitive composite scores between the exposed group and the reference group. The models were constructed the same way as the logistic regression models described above; however, we excluded from this analysis all individuals diagnosed with dementia (n = 281), and we also examined the associations by number of children (no child vs. 1 or more children). To illustrate the potential importance of depression on the studied associations, in additional analyses, we adjusted further for depression (as a continuous variable based on the Geriatric Depression Scale-15 (43)). We further studied the associations by sex, ApoE status, and leisure activity at follow-up.
To examine the associations between spousal loss and dementia, mild cognitive impairment, and cognitive function by time since loss, we calculated the time elapsed between the date of spousal death and the date of entry to the AGESReykjavik Study. We divided time since loss arbitrarily into a 4-level categorical variable as follows: 0-1.9 years, 2-4.9 years, 5-9.9 years, or ≥10 years. For dementia and mild cognitive impairment, we used multivariable logistic regression, and the models were constructed the same way as described above. For cognitive function, least squares means of composite scores were estimated for still-married and widowed participants in each time category. Only age was adjusted for in this model. The F test was used to test for overall differences in means among the time categories.
In a sensitivity analysis, we matched each exposed (widowed) individual to 2 nonexposed (married) individuals by sex and age in 1978 ( plus/minus 1 year) by using the gmatch macro (44) . We used multivariable logistic regression models to estimate the relationship between spousal loss and dementia/ mild cognitive impairment, adjusting for the same covariates as before.
SPSS Statistics for Windows, version 20.0, was used to perform the statistical analyses (IBM Corp., Armonk, New York). P values less than 0.05 were considered statistically significant. The study protocol was approved by the National Bioethics Committee of Iceland (Reykjavik, Iceland) and the Icelandic Data Protection Authority (Reykjavik, Iceland). Table 1 shows the characteristics of the 4,370 participants in the AGES-Reykjavik Study who were married/cohabiting in 1978 and were either still married at entry into the AGESReykjavik Study (i.e., reference group; n = 3,007) or had lost a spouse before that (i.e., exposed group; n = 1,363). Compared with the still-married participants, widowed participants were more likely to be female, older, and less educated and less likely to have had regular physical activity in midlife and to have ever smoked. The number of children born to each participant was similarly distributed between these 2 groups.
RESULTS
Dementia and mild cognitive impairment
Overall, we found no association between loss of a spouse and risk of dementia or mild cognitive impairment in the full models ( 
Cognitive function
Compared with still-married individuals, widowed individuals did not have significantly different performance in any of the tests of cognitive function (memory, speed of processing, executive functioning) in the multivariable models (Table 3 ). When we adjusted further for depression, the results did not change significantly (data not shown). The association did not seem to differ by ApoE E4 status. However, when we examined the associations by sex, we found significantly lower scores of executive function for widowed women but not for widowed men (Table 3) . Moreover, when we stratified the analyses by whether or not the individuals had any children, widowed individuals with no children appeared to have poorer executive function than still-married individuals with no children (β = −0.356, 95% confidence interval: −0.589, −0.123). After adjusting for age and all other covariates, we did not detect any associations between spousal loss and cognitive function within any strata of leisure activities at follow-up (Web Table 2 ).
Time since loss of a spouse
We found no association between time since loss of a spouse and the risk of dementia or mild cognitive impairment (Table 4 ). Figure 2 shows the mean scores of executive functioning by time since loss of spouse for women, adjusted for age at cohort entry. Widowed women who had lost a spouse during the previous 2 years had significantly worse executive function compared with still-married women (P < 0.02). No such difference was observed for men's executive function or for memory and speed of processing (data not shown).
Sensitivity analysis
To address potential differences in follow-up times between the exposed and unexposed cohorts, we performed a sensitivity analysis. We were able to match 771 nonexposed men (married) to 337 exposed men (widowers) and 1,096 nonexposed women (married) to 654 exposed women (widows). Hence, the "follow-up" times between 1978 and the AGES-Reykjavik Study visit were the same, or 25.2 and 25.1 years, respectively, for widowed and married participants. The results from the logistic regression on the matched data set did not differ from our original findings (Web Table 3 ).
DISCUSSION
Our study of 4,370 individuals who were married or living with a partner in 1978, whose cognitive status was carefully assessed from 2002 through 2006, does not support an association between loss of a spouse and risk of dementia. However, we did find that women who had been widowed for 2 years or less had significantly worse executive functioning compared with still-married women.
We are aware of only 1 similar population-based study on marital status and dementia in later life (31) . In that Finnish study, being widowed was associated with a more than 2-fold greater risk of any cognitive impairment (dementia plus mild cognitive impairment) compared with still-married or cohabiting people. As mentioned previously, our main analysis did not appear to support these results. Moreover, in the same Finnish study, the risk for any cognitive impairment was even higher for those who were widowed at baseline (in midlife) and at reexamination (in late life). We accordingly performed additional analysis on even longer-term widowhood (i.e., up to 30 years), including individuals who were widowed at their first visit to the Reykjavik Study for midlife measurement (before 1978) and were therefore not included in the main analysis (n = 221). However, this additional analysis rendered similar results as we obtained in our main analysis, showing no association between long-term widowhood and the risk of dementia (data not shown). Thus, differential duration of widowhood is unlikely to explain the contradictory findings from these 2 studies. Moreover, the 2 studies had similar designs and recruitment procedures and the diagnostic criteria for dementia were similar, as was the ability to control for similar confounding factors. However, differences in findings from these 2 studies may pertain to differences in the average age of the study populations (76.8 vs. 71.1 years), as well as the fact that the present study had complete follow-up of marital status for 24-28 years through a national registry, whereas the former study assessed marital status at only 2 time points (in midlife and late life). In addition, there was a substantial difference in the study sizes (4,370 participants (6.4% with dementia) in the present study vs. 1,449 participants (3.9% with dementia) in the Finnish study).
Our results are supported by findings of previous studies reporting null association between widowhood and the risk of dementia. Helmer et al. (28) did not find an association between widowhood and diagnosed dementia in a French population-based cohort study of 3,675 individuals with an average of 5 years of follow-up. Fratiglioni et al. (22) did not find a statistically significant increased risk of diagnosed dementia associated with widowhood in a cohort study of 1,202 individuals with an average of 3 years of follow-up. However, the relatively short follow-up period might be a methodological shortcoming of these studies because there may be insufficient time for cognitive changes to manifest.
With respect to cognitive function, Van Gelder et al. (25) studied 1,042 men and found, after 10 years of follow-up, a greater decline in cognitive scores (on the Mini-Mental State Examination) among men who had lost a spouse during the study period than among those who remained married. Mousavi-Nasab et al. (26) found a greater decline in episodic memory among widowed individuals than among married individuals over a 5-year period. Aartsen et al. (24) followed 1,144 individuals for 6 years and found a greater decline in memory among those who lost a spouse compared with those whose spouses remained alive. Taken together, these findings are, to some extent, in line with ours, indicating that loss of a spouse may affect cognitive function, at least temporarily. However, in addition to the possibility of random findings, it is unclear why some studies suggested a potential impact of psychological stress on memory, whereas our results pointed to executive function.
Our findings of decreased cognitive performance for childless widowed individuals compared with childless still-married individuals have, to our knowledge, not been reported before. Although we remain cautious when interpreting these results because the number of people without children was small, it is indeed possible that when faced with stressful life events such as the loss of a spouse, the social support from an adult child could potentially protect against the development of cognitive decline. Social support-an important buffer of psychological distress-has repeatedly been reported to reduce the risk of cognitive decline in older people (45) (46) (47) .
Our study has several qualities that address methodological shortcomings of earlier studies. An important strength of this study was the large population-based cohort and its detailed assessment of dementia and cognitive function, along with other health profile indicators. The richness of information on the outcome allowed us to obtain a more thorough understanding of various aspects associated with cognitive impairment. Furthermore, record linkage to Statistics Iceland permitted complete follow-up for marital status change for over 25 years. Thus, we had a unique opportunity to explore potential associations between this relatively common life stressor (i.e., spousal bereavement) on the development of cognitive impairment. In addition, information on exposure (loss of a life partner) was collected totally independently from the outcome ascertainment (dementia, mild cognitive impairment, and cognitive function). Moreover, we were able to account for important confounding factors, (e.g., ApoE genotype) in our analyses.
Nevertheless, our study has limitations. The study population is a cohort of older people who survived long enough to enter the study. Thus, it is possible that our findings are affected by survival bias, particularly if the individuals most severely affected by spousal loss die or are too frail at follow-up for cognitive assessment. Such bias would result in lower observed point estimates. We cannot exclude the possibility that such differential survival may affect our results. In summary, no overall association between spousal loss and development of dementia was suggested. However, we found that spousal loss may temporarily reduce executive function in women. 
